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Article 
ON THE VON NEUMANN RREVOLUTION 
lchiro Jimbo 
Economic phenomena may be analyzed from various points of 
view with one or a combination of several methods. For example, 
there is the deducti_ve and inductive reasoning (for instance Methode-
streit between C. Menger and G. v. Schmoller), or the subjective method 
and the objective method, etc. Among these metho~ologies we shall 
concentrate on the mathematical tools for economic analysis. The 
use of mathematics has a long history as an aid in the explanation 
of economic phenomena. Needless to say, Joanne Ceva's De remu-
maria, quoad fieri potuit geometrice tractata, 1711, and in the 
nineteenth century, the contribution of N. F. Canard, J. H. v. Thilnen, 
and the prominent achivement of Antoine-Augustin Cournot and Leon 
Walras are milestones in this history. However, as we may suspect 
from the word "mathematical economics," the utilization of mathemat-
ics in economic science has not always insured its domination. We 
might consider it as a simillar situation to what existed in physics 
about sixt~years ago when James Clark Maxwell founded the so-
called "mathematical physics." Nowadays, physics without the use of 
mathematics is unknown. In physics, mathematics plays the dominant・ 
role as a tool of analysis, and we may say that the same tendency in 
economics is becoming stronger and stronger regardless of whether 
economists like it or not. 
There are many criticisms of mathematical methods in economics. 
For example, since human behavior differs and econmics is a part of 
cultural science which consists of a unique historical phenomenon, 
human behavior can not be explained through simple mathematical 
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equations.1 Dare one ask those who do not believe in the universality 
of social phenomena, that it they describe human behavior in every 
detail, is it worth the name of a science ? The outcome of such an 
attempt can best be seen in the demise in the late period of the German 
historical school. 
Other critics say that simple mathematical functions can not 
explain human behavior because it is too complicated. An exact 
explanation in every detail may be impossible, but if we want to 
futher economics as an exact science, and seek universal laws, we 
have to permit some degree of abstraction. In this context, there is 
no difference between literary econmics and mathematical economics. 
. We may formulate a law of economics in literary as well as ma the-
matical terms, is as much as both are languages. The important 
difference, however, is that mathematics has a powerfull logic. 
Pareto point out in his article on mathematical economics that 
there are two conditions which should be satisfied when one wishes 
to apply mathematics to economics; they are : 
1. there must exist a mathematical law under which an average person 
operates, 
2. from these laws, we must be able to derive the consequences that 
are related to economics. 
The first condition is that the variables used in economics must 
be observable and mesurable, and the relations connecting these vari-
ables be explainable in some mathematical properties, that is, map-
pings, or. functions . In economics we treat quantities of demand and 
supply which we can observe exactly. When we think of the concepts 
・of marginal utility and marginal productivity, which are the founda-
t10n of traditional economic theory, we can not treat them without 
mathematical relations such as utility functions and production func-
tions, whether they are expressed in mathematical equations or in 
literary form. 
1. Rickert, H. Multurwissenschaft unt Naturalwissenschaft, 6ed., Tubingen, Mohr, 
1926. 
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Indeed, the arguments about the economic system which are mainly 
taken into consideration by Institutionalists and Marxists contain many 
problems the solutions of which do not involve the use of mathematical 
tools2. There is litle doubt that the most difficult problems are those 
involving qualities, but one should consider the fact that in physics, 
problems involving color-this is one of the typical problems in qualities-
were never solved as a part of an exact science until the problem on 
qualities were reduced to the problems of so-called wave-length. All 
problems in qualities must be transformed into problems in quantit_ies, 
making them amenable to treatment with the tools of modern science. 
When we consider a definition of economics such as, for example, 
the one given by Lionel Robbins叫i.e.,the study of how men choose 
to use scarce of limited productive resources to produce various com-
modities and to distribute them to various member of society for their 
consumption, it is clear that most of the problems in economics will 
reduce to a conditional maximum problems. 
Let us take the theory of demand as an example. Here a consumer, 
given a certain money income, wishes to maximize his satisfaction. 
This situation can be presented in the following fashion. He maximizes 
his satisfaction, or utility index of preference, 
u=u(和， 知 ・・・・・・・・・・・・・・・・・・・・・・・・・・・， 心
under the condition, 
l=Pi功+P凶＋・・・・・・・・・・・・・・・・・・・・・・.. +pふ
where u denotes a utility index of preference ; P;is the price of the 
i-th commodity, and x; denotes the quantities of the i-th commodity 
consumed, I is the given money income. As is well-known, the problem 
can be solved very easily using Lagrange's method of multipliers In 
this treatment, however, we find one source of difficulty in solving the 
2. Even Karl Marx adovocated that mathematics was useful to analyze the 
business cycle, and left massive materials on calculus. (Karl Marx and Frie-
drich Engeles; Correspondence, 1946-1895, Jan. 1, 1858, July 6, 1863, and May 
31, 1879.) 
3. Lionel Robbins. An Essay on the Nature and Significance of Economic Science. 
London; Macmillan, 1949. 
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problem in an economic sense. We have assumed measurability of 
utility. Nevertheless, there has been a heated discussion about this from 
Pareto to Hicks. Here, calculus is used for economics, when it should be 
mainly used in classical mechanics. 
On the other hand, the emergence of the theory of games has 
given a revolutionary change in economic science, with the min-max 
principle replacing th~maximum principle. On the positive side of the 
discipline, an eternal farewell is given to the myth of the "invisible 
~and" founded by Adam Smith; every individual, in pursuing only 
his own selfish good, was led, as if by an invisible hand, to achieve 
the best good for al. Second, but more important for for the science, 
it meant the emergence of mathematics in the study of economic 
phenomena. 
We need not always have continuous functions, but the weakest 
point in the classical analysis is clear when we proceed to considera-
tions of general econmic equilibrium. Applying the Walrasian-Casselian 
method to solve this system of econmic equations, we have to count 
the number of equations and unknowns. If they are the same, the 
solutions are exist and unique. However looking over the following 
simple example, we find this is not true. 
x+2y+3z=O 
2x+5y+6z=O 
3x+6y+9z=O 
In this case we may solve only for the _ratios of the unknowns, not 
for the value of the unknown themselves, which exist infinitely. We 
may not find a case in which the system of equations does not have 
semi-positive solutions. Also, we find that there are many troublesome 
points in various approches used to settle the problem of existence 
and uniqueness of solutions4. 
Samuelson tried to solve this problem and developed a new 
4. J. K. Arrow and G. Debreu. "Existence of an Equilibrium for a Competitive 
Economy," Econometrica, 2, 1954, p. 265-290. G. Debreu. Theory of Value, New 
York: John Wiley & Sons, 1959, p. 74-89. 
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Theorem5 which is derived by the simple combination of two other 
theorems; the Implidt Function Theorem and .the Hawkins=Simon's 
Condition for Input-Output Analysis. His theorem is the following : 
If there exists some re-numbering of the p's and w's so that the n 
implicit and differntiable equations P戸が(W1,W2, .. ………..'Wn) have 
successive principal minors that are non-vanishing for al w's, there 
exist a set of solutions. It is easy to see the Theorem is false based 
on the following example. Consider two equations in two unknowns; 
知，y)=x+y=O
g(x, y)=xy-1=0. 
According to Samuelson's Theorem, these equations should have 
a set of slutions in the domain of the open set G which is excluded 
a line x=y from 2-dimensional vector space, R2, because 
I笠I=1+0, 
at 
ay I 1 
＝ ag - IY ay. 
?
? ?
? ?
?
1 
=x-y=/=O. 
X 
These equtions can not have any solution in the domain, G and 
even in R2 itself. The most important lesson we should learn from 
this example is the fact that the traditional approach of counting the 
number of equations and unknowns can not explain any phenomena 
in the frame of general equilibrium. Nevertheles, an existence analysis 
can serve as a test whether a model is very helpful analytically and 
very realistic or not. Walras rightly points out that only mathematical 
methods can analyze the relation between economic quantities. Unfor-
tunatly, because the eistence of solutions can not be determined in the 
Walrasian system in his way, ecorunists spent their time in counting 
the number of equations and unknowns in vain. On the other hand 
5. Paul A. Samuelson. "Prices of Factors and Goods in General Equilibrium,'' 
, Review of Economic Studies, 1953-1954, VoL 21, No. 54, pp. 16-17. 
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A. Wald and some mathematical econmists investigated this problem 
deeply and nearly solved it 
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